The use of radioactive substances in medicine accounts for the largest radiation exposure to the population from non-natural sources worldwide. The use in healthcare confers many benefits, but inappropriate or unskilled use can result in health hazards and safety issues for both patients and healthcare workers. We present two cases of radiation safety issues related to patients presenting to our emergency department after receiving non-conventional brachytherapy in the form of radiation seeds being implanted in the abdominal wall. These were done for presumed treatment of metastatic cancer in another Asian country. We share our cases to all emergency department staff to heighten their alertness for potential exposure to radiation from patients with radionuclides. (Hong Kong j.emerg.med. 2016;23:279-284) 2
We present two cases of radiation safety issues related to patients presenting to emergency department after receiving non-conventional brachytherapy in the form of radiation seeds being implanted in the abdominal wall. We share our cases to all emergency department staff to heighten their alertness for potential exposure to radiation from patients with radionuclides.
Case 1
A 75-year-old man presented to the emergency department for drowsiness. He was diagnosed with adenocarcinoma of the caecum 2 years ago. He had been treated in another country in Asia a year ago, with a right hemicolectomy, followed by 'stem-cell therapy' and immunotherapy. A positron emission tomography − computed tomography (PET-CT) scan done this year showed metastases to the lungs, liver, kidneys, brain, adrenal and abdominal wall. He underwent 'immune modulation therapy' and had radioactive seeds implanted into the metastatic lesion of his abdominal wall a week ago at a medical centre in the same country.
He developed oliguria with worsening renal function. The patient's family brought him to Singapore for a second opinion as he had become more confused while staying overseas.
A plain CT brain was done which showed an indeterminate small area of hypodensity in the right parieto-occiptal lobe. Chest X-ray showed multiple cannon ball lesions. The family was informed of findings and the patient was subsequently admitted under the care of Oncology.
In view of the poor prognosis and advanced stage of the disease, he was treated palliatively with comfort measures. On the third day of admission, the patient was sent to measure his radiation levels. This was done based on the verbal information provided by the family. They stated that 38 radioactive seeds were implanted in the lower abdomen at a medical centre overseas, but there was otherwise no printed records regarding the type, number, location or activity of the seeds.
The initial report ( Figure 1 ) showed that the radiation dose was 0.8-1.1 mSV/h from the surface of the body and 30-40 µSV/h at 1 metre from the implanted site while wearing the foreign hospital supplied lead apron. This level of radiation implied that the patient should be classified as 'amber' safety category (in accordance with the hospital's standard operating procedure). This implied that all staff caring for the patient had to minimise their patient contact time to less than 30 minutes, maintain a distance of more than 1 metre from patient as far as possible and wear a lead apron otherwise.
The patient was placed under isolation and staffs were required to wear protective lead aprons when they came into contact with him. There were also concerns raised by a nursing staff who had been nursing him while she was pregnant.
This case was discussed in detail with the hospital radiation physicists. A senior radiation physicist attended the patient 5 days later and measured his radiation levels again. The levels were 14 mSv/h and 0.1 µSv/h at 1 m and 2 m respectively when without patient's lead aprons. This was assessed to be safe and he was deemed fit for nursing in an open ward. However safety precautions were kept in place. The patient's abdomen was covered by lead shield during nursing and medical evaluation, and pregnant staff were not allowed to nurse the patient.
The patient passed away 2 weeks after admission due to complications associated with progressing disease. The family were advised to do a burial instead of cremation. The radiation physicist also advised the undertaker on the necessary precautions to be taken.
Case 2
A 60-year-old female, with history of relapsed diffuse large B-cell lymphoma, presented to the emergency department. She was last reviewed by the oncologist in Singapore a year ago where her scans showed progression of disease with mesenteric nodal involvement. She subsequently defaulted follow up consultations.
She presented with a one-day history of abdominal pain to our emergency department. She had recently returned from an Asian country a week ago where she had sought alternative treatment for her advanced lymphoma. She did not bring along any medical information detailing her treatment there.
The patient was admitted under the care of the medical oncology department. During admission, and on further questioning, her family mentioned that she had radioactive seeds implanted into the abdomen while she was in that country. This alerted the staff attending her and a radiation safety officer was promptly called in to measure the amount of radiation being emitted from the patient. Patient was classified as 'amber' safety category and was immediately transferred to an isolation room with radiation precaution. A lead shield was placed over the patient's abdomen.
The medical team in-charge subsequently obtained a memo detailing her recent medical treatment from the family. She had visited the country in question half a year ago seeking alternative treatment after being told of her disease progression. A CT scan done there showed an abdominal tumour enclosing the mesenteric artery. She underwent exploratory laparotomy with removal of part of the tumour and cryoablation on the remaining tumour which could not be removed. Three months later, she had 40 iodine-125 seeds implanted into her abdominal cavity with the intention to treat peritoneal spread of disease. The total activity was 1036 MBq and half-life of 60.1 days.
She received a second implantation 3 months later, (2 weeks before she presented to our emergency department) with 60 iodine-125 seeds implanted into her abdomen and pelvis. The activity was also 1036 MBq and half-life of 60.1 days as mentioned in the memo.
Radiation exposure at 1 metre from patient was measured at 1.5 µSv/h and decreased to 0.3 µSv/h with her wearing a lead apron. This was within the safety radiation exposure level.
The patient was discharged after a day of admission as her abdominal pain improved. Family was advised by the radiation physicist on basic precautions to reduce their radiation exposure while attending to patient. A memo was also given to family to pass to the emergency department should the patient need medical attention in future, so that medical staff could take necessary precautions.
Discussion
These cases were flagged due to the initial safety issues that the amount of radiation exposure measured from the patient was above background levels and caused unnecessary radiation exposure to healthcare staff who had been nursing them.
As emergency physicians, it is important for us to be aware of the various sources of radiation that healthcare workers can be exposed to and take necessary precautions. We discuss some of the common and uncommon sources of radiation in the emergency department. For the sake of limiting the discussion, we have left out the implications of remote possibilities of a nuclear meltdown and warhead detonation in and around Singapore.
There are some possible sources of radiation exposure to frontline emergency staff (Table 1) . 
X-rays
In the emergency department, there is an unnecessary risk of exposure to ionising radiation from portable radiographs. A study done in 2009 showed that emergency physicians do not appear to be at risk of exceeding the National Council of Radiation Protection (NCRP) dose limits. 1 However healthcare workers who routinely stabilise the necks of trauma patients during cervical spine radiography may incur a radiation exposure risk and that 0.5-mm leadequivalent gloves provide an effective barrier to ionising radiation of the hands. 2 This may be more relevant in the children's emergency where healthcare workers frequently need to stabilise the neck of trauma patients. Another source of radiation exposure is during the resuscitation of the multiple injured trauma patient. 3 Trauma team members resuscitating trauma patients can be exposed to radiation. A study done in 2009 showed that nurses appeared to receive a greater amount of radiation per film than residents and emergency physicians: 4.0 x 10 -4 mSv compared with 2.6 x 10 -4 mSv for residents and 0.1 x 10 -4 mSv for emergency physicians. 3 This is due to the fact that nurses are usually closer to the field of irradiation during resuscitations and radiologic investigations, being involved in activities such as drawing blood, administering medications, inserting catheters, etc. 3, 4 Nevertheless these radiation exposures received by the department of emergency medicine staff were reported to be much smaller than the reference radiation exposure allowed for non-radiation workers at 1 mSv/ year. 5 Radiation exposure in medical imaging is potentially associated with risks of carcinogenesis, specifically in the development of leukaemia, solid organ and thyroid cancers. 6, 7 Other long-term non-stochastic effects attributed to irradiation include cataract formation, sterilisation and birth defects. 8, 9 The NCRP states that acceptable occupational radiation exposure be limited to less than 50 mSv per year, 10 whereas the legal dose limit for non-radiation workers and members of public is 1 mSv per annum excluding medical radiation. 5 Thus it is important to be aware of the potential risk of radiation exposure, both to patients as well as the healthcare team.
Radiation therapy
Brachytherapy is the clinical use of small encapsulated radioactive sources at a short distance from the target volume for irradiation of malignant tumours or nonmalignant lesions. The use of Iodine-125 seed implantation is a highly effective treatment for patients with prostate cancer and the head and neck cancers. 11 IsoSeeds I-125 are sealed radioactive sources. Although no accidents or adverse effects involving medical staff or members of the patient's family have been reported, this brachytherapy technique raises a number of radiation safety issues that need specific recommendations from the International Commission on Radiological Protection (ICRP). 11, 12 Available data show that in vast majority of cases, the dose to caregivers remains well below the recommended limit of 1 mSv per year. However pregnant women should avoid prolonged personal contact during the first 2 months of pregnancy. 12 Both our patients had beta and gamma-emitting iodine-125 seeds implanted in the abdominal wall in a clinically unproven procedure done at medical centres in an Asian country. Iodine-125 seed implantation is most commonly used in prostate cancer. Implantation in the abdominal wall for metastatic cancer still remains controversial. In the first patient, the radiation measured at the surface was 0.8-1.1 mSv/hr and at 1 metre away it was 30-40 µSv/hr with the patient wearing a lead apron. This was initially highlighted as a safety concern and staff were advised to wear lead aprons and to maintain a distance of more than 1 metre from patient, where possible. This is consistent with the well-established principle of ALARA or 'as low as reasonably achievable'. Fortunately, compared to the radiation exposure of a typical chest CT (7 mSv) or even a chest X-ray (0.1 mSv), the doses of radiation emitted by these patients were well within the set safety limits and did not breach the ICRP limits.
Nuclear medicine imaging and therapy
Technetium-99 m-MIBI scans are commonly ordered in our emergency department for patients with chest pain. Often these patients come back after the study to get a review of their results. This causes concern because myocardial perfusion imaging (MPI) patients administered radioactive pharmaceuticals continue to emit radiation following study completion, 13 with potential radiation exposure to others. A Study done in 2013 found that radiation exposure in people in close proximity to the patient in the first few hours after radioisotope injection may be important, particularly in individuals with repeated exposures and/ or in vulnerable populations. 13 Close and repeated contact should be avoided in populations that are more radiosensitive, such as pregnant women and children.
The study also highlighted the importance of distance as a means of reducing the radiation exposure. Hence, radiation exposure to hospital personnel and the public can be minimised by maintaining adequate distance from the patient as well as avoiding prolonged contact in the first few hours after a MPI scan is done.
Radiation accidents
Apart from the ones mentioned above, there is another source that seems to be growing. This involves people exposed to radiation during workplace accidents involving radiological material. As we increase the use of radionuclides in healthcare and other industries, the likelihood of accidents will also increase. This may involve poor safety measures related to handling and disposal of radiological materials. A case report from India reported death from such exposure after a man had touched the radioactive Cobalt-60 that was wrongly disposed. 14 Similarly, there was a case of a patient presenting to our emergency department with radiation burns after exposure to 192 Ir. 15 While both of these patients did not pose any hazard to the emergency department staff due to delayed presentation, they could well have presented acutely with surface contamination that the emergency department staff would not be aware of.
Radiation dispersal device (RDD) or 'dirty bomb'
This is a dream instrument for aspiring terrorists. A 'dirty bomb' refers to stolen radiological material packed with an explosive to cause contamination and panic (rather than any significant radiation). If such an event does happen, the emergency department will need to depend on the ability of the primary responders to establish its existence and to identify the agent and the exact degree of radiation exposure.
Needless to say, emergency departments need to be prepared for such an eventuality, to make sure that critical areas do not get contaminated and thus be rendered non-functional.
Change in protocol
As these two cases presented within a month of each other, a protocol was devised in consultation with the hospital radiation safety officer, medical oncology department and the emergency department, to handle such patients with high-risk brachytherapy received in other countries. This is to alert the frontline staff to take necessary precautions to reduce their radiation exposure when such patients present to the emergency department.
Vigilance to work-related hazards
In this era of medical tourism, it is of utmost importance that healthcare workers have a high index of suspicion of possible therapeutic hazards that they may face when dealing with patients who have sought treatment for their condition overseas or undergone n o n -t r a d i t i o n a l r e m e d i e s . T h e s e t w o c a s e s demonstrated that being frontline workers, emergency physicians and nurses are vulnerable to unknown radiation exposure.
As radiation is easily detected and measured with point of care survey instruments, radiation exposure and its intensity can be readily identified and dealt with at source where there is a high index of suspicion.
While it is established that radiation injury is rare and is usually not a major health concern for emergency department staff managing cases with minor surface contamination, it is nevertheless important to be aware of the existence of such threats and to minimise the potential damage from exposure. This is because there is still debate regarding the health consequences of exposure to low levels of radiation. 16, 17 It is the detection, containment and decontamination, to avoid further spread of contamination that is important.
Physicians should also aware that as healthcare standards improve, more radioactive materials are being used in hospitals and laboratories. There were case reports of radiation incidents after coming into contact with radioactive materials that were improperly disposed. 14 As such, it will be useful to have knowledge of symptoms of radiation sickness as well as protocols on handling such incidents.
Once the risk of radiation is ascertained, simple measures of limiting time, increasing distance from the radiation source, appropriate utilisation of shielding and good radioactive waste disposal help reduce the risk to healthcare providers. This is because radiation hazard is directly proportional to the total time of exposure while inversely proportional to the square of distance. In addition, restricting the exposure of young workers (<18 years old) could potentially help limit the risk of cancers and hereditary damage in their future generation.
Conclusions
Frontline staff in the emergency department can be unknowingly exposed to radiation from various sources. Thus, it is important to create awareness and education on ionising radiation, the amount of radiation exposure from common sources and the common radiation units used. This should be supplemented with strategies to suspect such events and mitigate a threat that is identified.
